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ABSTRACT
Purpose – The main purpose of this study was to examine 
mathematics teachers’ abilities in developing formative assessments 
when teaching algebraic reasoning after utilizing two innovations: 
lesson study and open approach.
Methodology – A single group quasi-experimental research 
design was employed in two mathematics classes in a school in 
Chaiyaphum province, Thailand. The target group was all the 11 
mathematics teachers, who were pre-tested, then post-tested after 
the lesson study and open approach training. This was followed by 
their participation in setting up a lesson study group and conducting 
10 lesson study cycles involving two research participants who were 
teaching two selected classes. The instruments were a questionnaire, 
the AssessToday rubric, interview protocols, 10 lesson plans, field 
notes, classroom observation video recordings, and students’ 
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written work. The AssessToday rubric was the main instrument 
used to determine the ability level of the mathematics teachers in 
developing formative assessment in terms of seven components, 
namely learning targets, question quality, nature of questioning, self-
evaluation, observation of student affect, instructional adjustment, 
and evidence of learning. 
Results – The pre-test and post-test results showed an improvement 
in the mathematics teachers’ understanding about formative 
assessment, the methods used in formative assessment, and how they 
could use the data from the formative assessment while they were 
implementing the two innovations. In addition, the AssessToday 
rubric showed that both mathematics teachers were progressing 
gradually from novice, apprentice to practitioner level in their 
abilities in developing formative assessment after the 10 cycles of 
innovation practices in all the seven components. The results imply 
that the mathematics teachers showed vast improvement in their 
abilities in developing formative assessment after they implemented 
the lesson study and open approach innovations in their teaching. 
Significance – The results contribute significantly to knowledge about 
the usefulness of the lesson study and open approach innovations in 
enhancing mathematics teachers’ abilities in developing formative 
assessment.
Keywords: AssessToday rubric; formative assessment abilities; 
lesson study; open approach; mathematics teachers.
INTRODUCTION
Classroom assessment is important because it enables mathematics 
teachers to make informed decisions about further lessons and 
consequently leads to instruction that adequately fits their students’ 
needs and possibilities (Veldhuis, 2015). According to Black, 
Harrison, Lee, Marshall, and William (2004), any kind of assessment 
that is designed to promote students’ learning is considered as 
assessment for learning. Black et al. (2004) further clarified that 
an assessment activity can aid students’ learning because it offers 
information to mathematics teachers that enables them to adjust the 
teaching and learning activities in which they are involved. Hence, 
they defined such assessment as formative assessment because the 
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evidence is used to adapt the teaching work to meet learning needs.
Heritage (2007) indicated that there are three types of formative 
assessment, namely, on-the-fly assessment, which takes place while 
teaching; planned-for instruction, which is planned before teaching 
to support students’ learning; and curriculum-embedded assessment, 
which encompasses two parts: teacher and curriculum developer, 
which provides feedback on learning order, as well as in-class 
learning assessment. In other words, assessment is considered as one 
of the essential components of education (Centre for Educational 
Research and Innovation, 2008). As a result, the Thailand Ministry 
of Education (2008) urged teachers to assess their students’ progress 
using various methods that are not only relevant to the students’ 
developmental levels but also suitable for that particular subject 
requirement. 
Lesson study (LS), a long-established practice of lesson preparation 
which originated in Japan, has been in existence for over 130 years 
(Tall, 2008). Lewis (2002) defined LS as a teacher-led instructional 
improvement cycle in which teachers work together to convey 
student learning targets, design a lesson, teach and/or observe the 
lesson, reflect on the collected evidence, go through the lesson for 
improvement, and re-teach the reviewed lesson. In short, LS allows 
teachers to collaborate to design, test, and improve lesson sequences 
that are likely to improve learning and be useable by other teachers 
(Tall, 2008). Teachers thus have a means for planning, observing, and 
conferring with others (Meyer & Wilkerson, 2011). In recent years, 
LS has gained substantial impetus around the educational world, 
particularly in the mathematics education community. This is because 
LS involves writing a plan that fits in with the overall development 
of a syllabus, stipulating the key objectives of the lessons and the 
comprehensive development of the lesson arrangement, including 
an expectation of the diverse ideas that students may offer so that 
mathematics teachers can take them into account during the lesson 
itself (Tall, 2008). According to Hart, Alston, and Murata (2011), LS 
is a professional learning model based on collaboration to support 
mathematics teachers’ learning about content, curriculum and student 
thinking, as well as to facilitate greater reflection and more focus on 
conversations than traditional types of professional development. 
The open approach (OA) also originated in Japan, and encourages 
mathematics teachers to foster the best possible learning environment 
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in any type of educational activities. Nohda (2000) emphasized that 
the ideas of OA are aimed at allowing students to learn mathematics 
in response to their own mathematical power, accompanied with 
a certain degree of self-determination in their learning, which can 
increase the quality of their processes and results in mathematics. 
In Thai schools, students are given inadequate exposure to real-life 
learning and hands-on experiences. Therefore, Thai mathematics 
classrooms are usually structured, depend on rote memorization 
skills and have minimal class discussion (Kaur, Awang Hashim, 
& Noman, 2014).  In this context, the researchers would like to 
explore how the mechanisms of learning and development relate to 
the integration of LS and OA into the mathematics subject teaching 
activities, and thus how the teachers’ abilities in developing formative 
assessment can be optimized. In other words, LS is a tool to improve 
the teaching approach while OA is a teaching approach and an aspect 
of LS (Inprasitha, 2011). The LS concept in this study was adopted 
from Inprasitha (2011) and includes three important steps, namely 
collaboratively plan, do, and see. OA refers to a teaching approach 
that is focused on dealing with an open-ended problem, which is 
expected to improve the classroom instruction effectively (Becker 
& Shimada, 1997). With the combination of these two innovations, 
LS and OA, mathematics teachers have more opportunity to assess 
students’ learning and utilize the results derived from the assessment 
to improve classroom instruction. 
The combination of the two innovations, LS and OA has been 
previously employed in a collaborative research project between the 
University of North Texas, United States of America and the Center 
for Research in Mathematics Education (CRME), Khon Kaen 
University, Thailand, by using the AssessToday rubric to measure 
mathematics teachers’ abilities to develop formative assessment in 
terms of advancing the teaching and learning of algebraic reasoning. 
The AssessToday rubric is an immediate assessment tool created by 
Eddy and Harrell (2013), which can be used to measure mathematics 
teachers’ abilities to develop formative assessment in the context of 
instruction provided by LS and OA (Eddy & Inprasitha, 2012).   
CONCEPTUAL FRAMEWORK
Based on past research evidence, formative assessment has the 
potential to raise students’ achievements if it is used correctly and 
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consistently (Black et al., 2004; Black & William, 1998; Bloom, 
1984; Leahy, Lyon, Thompson, & William, 2005). This is further 
supported by Eddy and Harrell (2013), who stated that formative 
assessment enables students to take risks and try new things in the 
mathematics classroom without feeling any threat or fear, or having 
any interruption from their teachers (Eddy & Harrell, 2013). In 
addition, many researchers (Cizek, 2001; Gallagher, 2010; William, 
2010) have discovered that there is a need to support mathematics 
teachers in their use and development of formative assessment 
practices because of a gap in the current development of formative 
assessment. 
According to Tachibana (2007), assessments for learning allow 
mathematics teachers and students to see their learning paths in a 
positive way, and reflect the students’ learning as well as the teachers’ 
instruction. Therefore, mathematics teachers need to have knowledge 
about providing formative assessments and the ability to assess 
students’ learning and their own classroom instruction (Fernandez, 
Cannon, & Chokshi, 2003). Along this line of reasoning, Eddy and 
Harrell (2013) developed the AssessToday rubric as an assessment 
tool for classroom observation in order to understand students’ 
learning processes and improve classroom instruction, whereby 
mathematics teachers implement innovations to constantly develop 
their teaching skills. The AssessToday rubric was developed with two 
guiding principles, namely feedback and instructional correctives. 
Feedback includes questioning, self-evaluation and observation of 
student affect, whereas instructional correctives include instructional 
adjustments and evidence of learning. According to Harlen (2007), a 
mathematics teacher’s content knowledge is reflected in the questions 
they ask, the classroom discussions that ensue, and comments 
teachers make regarding student artifacts. Heritage (2010) stated that 
an effective formative assessment requires mathematics teachers to 
have the necessary depth of content knowledge while observers who 
are using AssessToday need to identify if teachers are effectively 
meeting these requirements.    
LS is a continuing teacher-directed professional learning method, 
involving a group of mathematics teachers who have to plan, 
conduct, and reflect on research lessons collaboratively and 
systematically (Tan, Lim, & Chew, 2017). In this study, the three 
steps of LS (Inprasitha, 2011), namely collaboratively plan, do, and 
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see, were utilized. The research lesson refers to the lesson taught 
by two mathematics teachers to the two selected classes, based on 
the lesson plan developed by the target group, consisting of all the 
mathematics teachers who were teaching in the research school. The 
target group observed and data was collected about the students’ 
learning and teachers’ abilities in developing formative assessment 
during the research lesson. The teachers reflected based on the 
collected data after each research lesson. 
The OA is an approach that mathematics teachers have conventionally 
been using to highlight mathematical perspectives in their research 
and practice (Nohda, 2000). Within this approach, the mathematics 
teachers assign their students with so-called open problems, where 
the goal is not given precisely. Therefore, students need to solve an 
open problem using numerous methods to investigate the problem 
mathematically, exploring numerous methods to the given problem, 
and posing various innovative solutions (Sambová & Tichá, 2016). 
The four steps of OA (Eddy & Inprasitha, 2012), namely posing open-
ended problems, students’ self-learning, whole class discussion and 
comparison, and summing up by connecting students’ mathematical 
ideas, were utilized in this study. 
LS and OA together were integrated and adapted into the two 
classes for a period of 15 weeks. This allowed both mathematics 
teachers (research participants) more opportunity to assess the 
students’ learning and utilize the results derived from the assessment 
to improve their teaching. The target group consisted of all 11 
mathematics teachers in the research school, who would meet every 
Tuesday to plan the lesson collaboratively. This was followed by 
the second step of LS, collaboratively do. At the second step, the 
two research participants integrated the four steps of OA into their 
teaching. By the end of each research lesson, the target group would 
meet again in the third step to reflect on what they had seen during 
the lesson, to revise and re-teach for improvement. 
The AssessToday rubric (Eddy & Harrell, 2013) evaluates how 
research participants utilize their abilities in developing formative 
assessment in a single research lesson. This rubric utilizes seven 
components of abilities in developing formative assessment: writing 
learning targets, using quality questions, nature of questioning, self-
evaluation, observation of student affect, instructional adjustment, 
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and evidence of learning. Each component is assessed according to 
the four proficiency ranks that are constructed on mastery (Eddy, 
Harrell, & Heitz, 2017). The learning target component is important 
as mathematics teachers have to communicate the learning objectives 
of the research lesson in order to get the students to understand the 
direction of learning. There are four actions used to establish the 
learning targets: firstly, the teacher identifies the learning objectives; 
secondly, the teacher writes down the learning objectives so that 
students can understand them; thirdly, the students note down the 
learning objectives; and, finally, the teacher revises the learning 
objectives during the research lesson. The learning target is a key 
component of formative assessment because it is a driving force in 
implementing learning activities and motivating students to learn 
effectively. If mathematics teachers are going to use formative 
assessments to assist their students in the learning process, they 
must have a target in mind and know how they are going to achieve 
the target. Besides, students can assess themselves in their learning 
progression if mathematics teachers provide clear objectives. On 
top of that, learning targets also offer a context for responses that 
can be achieved by questioning and student behaviour observation 
(Heitz, 2013). The importance of connecting classroom feedback to 
the established learning target has been emphasized by Brookhart, 
Moss, and Long (2008).  
The quality of classroom questioning is the second key component of 
mathematics teachers’ abilities in developing formative assessment 
because good quality teachers’ questions can encourage students to 
evoke previous knowledge and widen their mathematical thinking 
with support (Chin, 2006). As a result, the questioning construct is 
divided into two components in the Assess Today rubric, namely 
question quality and nature of questioning. Question quality 
encompasses three indicators, namely open-ended questions, 
Bloom’s hierarchy of cognitive learning levels and prior knowledge, 
while the nature of questioning consists of two indicators, namely 
wait time and follow-up questions (Eddy, Harrell, & Heitz, 2017).
Self-evaluation is a method used by students to reflect on their work 
quality by comparing it with the identified learning target, making 
adjustments if required (Andrade, 2010). This self-evaluation 
component consists of three key indicators, namely self-evaluation 
strategies during the research lesson, clearly defined strategies 
associated with the learning target, and students’ comprehension 
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of how to evaluate their learning and use the strategies to evaluate 
their learning. Students should exhibit persistent practice of self-
evaluation strategies throughout the research lesson (Eddy & Harrell, 
2013).
Observation of student affect includes students’ attitudes, interests, 
values, and disposition, all of which play important roles in formative 
assessment (Popham, 2008). If mathematics teachers interpret the 
affective signals of their students effectively, achievement will 
increase and opportunities for improvement will be maximized. 
Therefore, Stiggins (2010) highlighted that the successful use of 
formative assessment is not merely quality assessment and appropriate 
instructional adjustment, but also includes careful management of 
students’ emotional state. According to Eddy and Harrell (2013), the 
student affect component consists of four principal indicators that 
can be observed in a mathematics class, namely student behaviour, 
teacher behaviour, teacher focus, and student interactions. According 
to Popham (2008), student behaviour is defined as the extent of 
student responses to teachers’ questioning, the classroom engagement 
level, signs of critical thinking, and demonstration of confidence. 
Bell and Cowie (2001) referred to teachers’ behaviour as their 
sensitivity to students’ feelings, body language, facial expressions, 
and assignments. Shute (2008) clarified that mathematics teachers’ 
focus is not only implementing a student-centred approach but also 
demonstrating a content and sensitivity balance to the students’ 
affective needs. Leahy et al. (2005) defined student interactions as 
all the possible student interactions, including student-to-student, 
student-to-group and student-to-teacher interactions. According 
to Shepard (2000), mathematics teachers should vigorously boost 
student interaction and risk taking.
Instructional adjustments of abilities in developing formative 
assessment is to inform mathematics teachers to adjust their 
instruction to assist understanding as teachers have to practice 
a diverse teaching strategy (Popham, 2008). For example, if 
students are engaged in the learning and there is evidence of their 
understanding the content, the current strategy is reinforced and 
the mathematics teacher can continue teaching with the current 
plan. Instructional adjustments include the four primary indicators, 
namely instructional strategy, instructional timing, instructional 
audience, and grouping strategies (Heitz, 2013). Black and William 
(2009) defined instructional strategies as numerous strategies 
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accessible for mathematics teachers to gather students’ learning 
feedback. Instructional timing refers to the timing of the adjustment, 
which is particularly vital in the instructive setting. Subsequently, 
Guskey (2007) highlighted the importance of mathematics teachers 
gathering students’ evidence in order to decide the best period to 
endorse the adjustment. The instructional audience is defined as the 
cluster of students who need the teacher’s explanation, which may be 
an individual, a small group, or the entire class. Grouping strategies 
refer to a predominant strategy that is used with regards the students’ 
grouping arrangements. The idea and purpose of grouping should be 
an essential consideration when employing formative assessment. 
Therefore, mathematics teachers should deliberately create groups 
to take full advantage of and lessen the disadvantages of group 
dynamics (Black & William, 2009).   
Evidence of learning requires mathematics teachers to gather quality 
feedback including all-student responses, individual responses, and 
student artifacts. However, Heritage (2010) suggests four criteria 
when teachers are gathering evidence. Firstly, the evidence should 
show that the student’s learning is affiliated with the learning target. 
Secondly, mathematics teachers should gather sufficient evidence 
before they make appropriate adjustments. Thirdly, mathematics 
teachers should collect a wide range of evidence including students’ 
understanding or skill levels so that the evidence can account for all 
students. Finally, the evidence should be gathered using more than 
one strategy to offer teachers sufficient evidence that students have 
accomplished the anticipated learning target. 
The OA approach starts with having students engage in open-ended 
problems which are formulated to have multiple correct answers 
“incomplete” or “open-ended”. Mathematical activities generated 
by open ended problems are rich so that mathematics teachers can 
evaluate students’ higher order thinking skills as a learning target. 
Besides, an open-ended problem is a good start for creating the first 
study lesson for the learning target in the LS approach. Questioning is 
one of the most basic and effective methods used by teachers to gain 
information, stimulate participation and challenge thinking (Korkmaz, 
2009). The quality of mathematics teacher’s questions can influence 
the degree to which students are able to recall prior knowledge and 
extend their thinking through scaffolding (Chin, 2006). The nature 
of questioning such as probing is another questioning strategy 
that encourages higher order thinking. Self-evaluation is a process 
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whereby students become self-regulated learners to answer those 
critical questions during the instruction time. Much can be learned 
from students by observing their body language, facial expression 
and quality of work. Thus, observation of student affect plays a key 
role in formative assessment. Formative assessment can be effective 
in the classroom to inform mathematics teachers about instructional 
adjustments they need to make to facilitate better understanding. 
Finally, evidence of learning should be gathered when students have 
achieved the desired learning target.   
The seven components of mathematics teachers’ abilities described 
above were measured using the AssessToday rubric. The researchers 
adapted Eddy and Harrel’s (2013) AssessToday rubric, coupled with 
Inprasitha’s (2011) concepts of LS and OA (Eddy & Inprasitha, 
2012), and finally supported by the previous research findings of 
Thinwiangthong, Suttiamporn, Pattanajak, and Inprasitha (2017) to 
design this study.  
Figure 1. Conceptual framework
Figure 1 shows the conceptual framework.  At the pre-stage of the 
study, all the 11 mathematics teachers from the research school 
attended the LS and OA workshop for two days. They were trained 
and learned how to implement the LS, OA and AssessToday 
components. The pre-test and post-test were conducted before and 
after the training respectively. After the workshop, two out of the 11 
mathematics teachers conducted 10 mathematics lessons, and their 
abilities in developing formative assessment were measured using 
the AssessToday rubric. The researchers identified the abilities of 
mathematics teachers in developing formative assessment according 
to an ascending order, from novice, through apprentice and practitioner 
to master, as indicated in Table 1, based on their observation data. 
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Finally, at the post stage, after the cycle of 10 research lessons, 
the impact of LS and OA on the mathematics teachers’ abilities in 
developing formative assessment was evaluated.
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METHOD
Research Design and Participants
A single group quasi-experimental research design was employed 
in this study. This research design was particularly suitable for 
addressing assessment questions about the impact of LS and OA 
innovations because it emphasized the use of comparative data as the 
context for interpreting results (Srikoon, Bunterm, Nethanomsak, & 
Tang, 2017). The target group comprised 11 mathematics teachers 
from a school located in Kaengkhro District, Chaiyaphum province, 
who were purposively selected because they were trained in the LS 
and OA workshop with the Center for Research in Mathematics 
Education (CRME), Faculty of Education, Khon Kaen University, 
Thailand. The research school offers secondary education from 
Grade 7 to 12 students. Only two Grade 7 mathematics teachers from 
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the target group were selected as research participants to conduct the 
10 cycles of research lessons. 
The target group was not only involved in the pre-test and post-test 
at the first phase of this study but also involved in the three steps of 
LS. In the three steps of LS, the target group collaboratively planned 
the lesson plans, observed the lessons taught by the two research 
participants, and finally reflected what they observed and made the 
necessary improvements for the following lessons.  Although the 
target group was purposively selected, the two research participants 
were involved on a voluntary basis. The two Grade 7 classes, namely 
M.1/2 and M.1/4 classes, had 27 and 40 students respectively, adding 
up to a total of 67 students involved in the 10 cycles of research 
lessons. Four researchers from the CRME participated as raters (R1 
to R4) using the AssessToday rubric to evaluate the two research 
participants for 10 cycles of research lessons. The four raters were 
trained by the AssessToday rubric creator, who was one of the co-
researchers for this project. 
The target group was pre-tested before they were given LS and OA 
innovation training. After the training, the target group was then 
post-tested. Any significant difference in the pre-test and post-test 
findings could then be attributed to the LS and OA innovation training. 
However, because the research design was not purely experimental 
and there was no control group, this inference is uncertain, and may 
be the limitation of this study.    
Research Procedure, Instruments, and Data Collection
Mathematics teachers’ abilities in developing formative assessment 
were hypothesized to improve after the LS and OA innovations as a 
means to teach mathematics lessons. The research procedure consisted 
of three phases. In the first phase, the target group was pre-tested and 
post-tested on their understanding of formative assessment before 
and after LS and OA innovation training. The independent variables 
were their understanding of formative assessment, methods used 
in formative assessment and how they used the information from 
the formative assessment, while the dependent variables were the 
LS and OA innovations in the first phase. In the second phase, the 
target group was involved in LS innovation while the two research 
participants implemented 10 cycles of LS and OA innovations. 
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The final phase was the post-stage of the two research participants’ 
abilities in developing formative assessment after the 10 cycles of 
LS and OA innovations. The two research participants’ abilities in 
developing formative assessment before the introduction LS and 
OA innovations were considered as independent variables, while the 
same abilities measured again in the post-stage after the LS and OA 
innovations were identified as dependent variables. 
The research procedure employed three methods of data collection, 
namely lesson observation, an in-depth interview with the 
mathematics teachers, and the AssessToday rubric items recorded 
by the researchers. The mathematics teachers’ formative assessment 
abilities were observed and recorded using the AssessToday rubric 
as an instrument while teaching two Grade 7 classes, which were 
identified as Class A and Class B in Phase 2. Briefly, the data 
collection was carried out in the following manner.
In Phase 1, all the mathematics teachers from the research school 
attended the LS and OA training for two days. The target group 
was trained on how to implement the LS, OA, and AssessToday 
components. After the workshop, the research participants and target 
group practiced what they had learned from the training in their 
classroom every week for the following 15 weeks. The training in 
LS, O, and the components of AssessToday practices was facilitated 
by the four raters who were researchers and research assistants. 
This was followed by Phase 2, where a total of nine mathematics 
teachers who were from the target group in Phase 1 observed 10 
research lessons to evaluate the two research participants’ abilities in 
developing formative assessment. Each lesson lasted approximately 
50 minutes to one hour. The four raters were involved in collecting 
data during the lesson observation using the AssessToday rubric, 
and took field notes, particularly episodes or phenomena that may 
be raised for further clarification and discussion during the in-depth 
interview. 
All 10 lessons were video recorded. The video-recorded lessons 
also allowed the researchers to review each lesson several times, 
as well as to avoid missing some phenomena that might have been 
overlooked during the lesson observation. Immediately after each 
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classroom observation, an in-depth interview was carried out with 
the participating mathematics teachers. The interview began with 
research participants reflecting on the lesson just taught. They were 
asked to highlight and elaborate any formative assessment activities 
that they had planned or practiced to show the seven components 
of AssessToday. Likewise, any significant phenomena that were 
observed by the researchers during the lesson would be brought up 
and discussed with the all the participating mathematics teachers, 
both research participants and the target group. 
The research instruments utilized in this study consisted of 10 
lesson plans for Grade 7 on the learning topic of algebra, field 
notes, the AssessToday rubric, classroom observation video 
recordings interview protocols and students’ written work. The LS 
procedure was begun with collaborative lesson planning, followed 
by collaborative classroom teaching and observation, and ended 
with the collaborative reflection on the lesson. The AssessToday 
rubric comprised mathematics teachers’ abilities in writing learning 
objectives, using quality questions, handling students’ answers to 
diagnose problems and expand their learning, encouraging students 
to do self-assessment or check their mathematical thinking process, 
providing an active learning environment, adjusting teaching 
approach to assessment and having sufficient learning evidence. 
Reliability considered in the AssessToday rubric involved rater 
reliability (Moskal & Leydens, 2000). Rater reliability generally 
refers to the consistency of scores that are assigned by two 
independent raters (inter-rater reliability) and that are assigned by 
the same rater at different points in time (intra-rater reliability) 
(Reddy & Andrade, 2010). Inter-rater reliability was employed to 
ensure the reliability of the AssessToday rubric as an instrument. 
The degree of agreement between the raters provided the degree 
of accuracy present in the ratings. If agreement among the raters 
was good, then there was a high possibility that the ratings did in 
fact reflect the component they were purported to reflect. The rubric 
helped raters to be more consistent when grading (Walser, 2011). 
However, the researchers made the final decision by relooking into 
the video recording if a discrepancy existed in the rating scores in 
AssessToday rubric. Table 2 shows the AssessToday rubric rated by 
the four raters in a pilot lesson. Inter-raters’ rating result showed that 
there was no significant difference among their rating score.
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Table 2 
Result of the Raters’ Rating Scores in the Pilot Lesson
Formative assessment 
component
Rater 1 Rater 2 Rater 3 Rater 4
Learning target Apprentice Apprentice Apprentice Apprentice






















Data Analysis and Triangulation
All the video recordings taken from the classroom observations and 
interviews were imported into NVivo and transcribed verbatim. The 
videos of lesson observations were coded for emerging themes, and 
then the nodes were explored to search for patterns and characteristics. 
Meanwhile, the interview transcripts were read several times to gain 
emerging themes. The themes were then categorized into related 
groups.
Data triangulation was employed in this study. The AssessToday 
data, field notes written during the lesson observations, interview 
transcripts, and the videos were systematically triangulated. 
Thematic analysis was used to analyze all the qualitative data 
except the AssessToday components. Thematic analysis was found 
to be suitable for this study because it is the process of identifying 
patterns or themes within qualitative data (Clarke & Braun, 2013). 
A literary analysis was used to analyze the data collected from the 
AssessToday rubric. Literary analysis was used to create a textual 
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analysis of the research lesson observations. For the most part, the 
researchers broke down the literary work into various components 
in order to develop a better understanding of the teachers’ formative 
assessment abilities and their overall proficiency level. 
 
RESULTS
The results of this study are presented in accordance with the 
research procedure indicated above. The initial results highlight the 
pre-test and post-test of target group in terms of their understanding 
of formative assessment before and after the LS and OA innovation 
training respectively. The final results revealed the impact of LS 
and OA innovations through the 10 research lessons on Grade 7 
mathematics teachers’ abilities in developing formative assessment. 
Pre-test and Post-test Results on Mathematics Teachers’ 
Understanding about Formative Assessment 
Data was collected using a questionnaire as pre-test and post-test 
before and after the target group attended the LS and OA innovation 
training. Data was analysed using the emerging themes and those 
participants who fit into the themes was reported in percentage. Table 
3 shows pre-test and post-test results regarding their understanding 
about formative assessment, the methods used in formative 
assessment, and how they could use the information or data from 
the formative assessment. 
The above results show that the mathematics teachers in the target 
group have improved their conceptions of formative assessment 
drawn on students’ understanding, adjustment of teaching and 
learning, concern with the learning target, students’ affect and 
participation during instruction after they attended the LS and OA 
innovation training. In addition, their conception of the methods 
used in formative assessment changed from the test, mid-term 
and final examination, exercise and homework to questioning and 
discussion, observation on students’ ideas and ways of thinking and 
gain of learning target. Furthermore, they focused on improvement 
for the next instruction, discussion to reach learning target, extension 
of students’ understanding, adjustment of teaching immediately and 
improvement of the lesson plan more than before.
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Table 3 
Result of the Pre-test and Post-test 
Content / Emerging Themes Pre-test (%) Post-test (%)
What is formative assessment?
Evaluation of learning achievement dur-
ing instruction
18.18 27.27
Exploration of students’ understanding 
during instruction
54.55 72.73
Examination of students’ development 
in reaching to learning target
9.09 36.36
Assess to realize the instructional prob-
lem during instruction
9.09 9.09
Take information to adjust teaching and 
learning
18.18 63.64
Observation on students’ participation 9.09 18.18
Questioning and summarization in 
problem-solving to reach learning target
9.09 36.36
Observation on the gain of learning 
target
0.00 36.36
What are the methods used in forma-
tive assessment in your classes?
Test, mid-term and final examinations 45.45 9.09
Exercise and homework 90.91 27.27
Questioning and discussion 45.45 72.73
Observation on students’ behaviour 72.73 72.73
Observation on students’ ideas and ways 
of thinking
18.18 63.64
Observation on the gain of learning 
target
0.00 36.36
How could you use the information/
data from formative assessment?
Exploration of students’ understanding 
and extension
9.09 27.27
Improvement for next instruction 36.36 63.64
Examination of learning achievement at 
the end of semester
45.45 9.09
Adjustment of teaching immediately 9.09 27.27
Tutorial teaching 9.09 0.00
Improvement of lesson plan 0.00 27.27
Discussion to reach to learning target 0.00 45.45
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Impact of LS and OA on Mathematics Teachers’ Abilities in 
Developing Formative Assessment 
There were 10 research lessons conducted by the research participants 
(Teacher A and Teacher B) in the two respective Grade 7 classes (Class 
A and Class B). The four raters used field notes and AssessToday to 
evaluate the research participants’ abilities in developing formative 
assessment. If there was any discrepancy in terms of the AssessToday 
rubric rating among the raters, the researchers would make the final 
decision by referring to video recording. Table 4 shows the final 
ability level of the two research participants for 10 cycles of LS and 
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The results from the AssessToday rubric show that both research 
participants were progressing gradually from novice level to 
practitioner level in their abilities to develop formative assessment. 
Both mathematics teachers showed their formative assessment 
abilities to be at apprentice level in writing learning targets, using 
quality questions, observation of student affect and instructional 
adjustment components. In addition, the Class A mathematics teacher 
performed better in questioning and evidence of learning, while the 
Class B mathematics teacher was better in the self-evaluation and 
observation of student affect components. 
These results revealed that both research participants used a traditional 
teaching approach at the beginning. For example, they did not write 
the learning target or explain the contents verbally. This implies 
that both research participants were at novice level during Lesson 1 
according to the indicators of the AssessToday rubric (refer to Table 
1). However, they seemed to improve from Lesson 2 onwards. This 
was apparent in Lesson 2, where both research participants improved 
in writing learning targets, as shown in Figure 2.
Figure 2. Learning targets in Lesson 2
Furthermore, the above result was triangulated with classroom 
observation field notes, and it was found that the teachers walked 
around the classroom to observe and take notes about students’ ideas. 
They collected students’ ideas and took them into consideration 
during reflection sessions by comparing the students’ ideas with 
the designed learning targets. Figure 3 illustrates the classroom 
observation of Lesson 2.
The field notes in Lesson 2 below show that Teacher A and Teacher 
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The results from the AssessToday rubric show that both research participants were progressing 
gradually from novice level to practitioner level in their abilities to develop formative assessment. 
Both mathematics teachers showed their formative assessme t abilities to be at apprentice level in 
writing learning targets, using quality questions, observation of student affect and instructional 
adjustment components. In addition, the Class A mathematics teacher performed better in questioning 
and evidence of learning, while the Class B mathematics teacher was better in the self-evaluation and 
observation of student affect components.  
 
These results revealed that both research participants used a traditional teaching approach at the 
beginning. For example, they did not write the learning target or explain the contents verbally. This 
implies that both research participants were at novice level during Lesson 1 according to the 
indicators of the AssessToday rubric (refer to Table 1). However, they seemed to improve from 
Lesson 2 onwards. This was apparent in Lesson 2, where both research participants improved in 
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Furthermore, the above result was triangulated with classroom observation field notes, and it was 
found that the teachers walked around the classroom to observe and take notes about students’ ideas. 
They collected students’ ideas and took them into consideration during reflection sessions by 
comparing the students’ ideas with the designed le rning targets. Figure 3 illustrates the classr o  
observation of Lesson 2. 
 
The field notes in Lesson 2 below show that Teacher A and Teacher B had improved from novice to 
apprentice level in the learning target component.  
“Teacher A compare students’ ideas with learning target.” (Rater 2’s field notes) 
“Teacher A provide discussion and comparison of students’ ideas relate to learning target.” 
(Rater 4’s field notes) 
“Teacher B determine learning target in lesson plan. She tries to involve students in solving 
problem, discussion on idea, but does not conclude to learning target.” (Rater 1’s field notes) 





1. The students can understand the 
meaning and explain the characteristics of 
perpendicular lines. 
2. The students can use the basic symbols 
of perpendicular lines appropriately. 
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“Teacher A compare students’ ideas with learning 
target.” (Rater 2’s field notes)
“Teacher A provide discussion and comparison of 
students’ ideas relate to learning target.” (Rater 4’s 
field notes)
“Teacher B determine learning target in lesson plan. 
She tries to involve students in solving problem, 
discussion on idea, but does not conclude to learning 
target.” (Rater 1’s field notes)
“Teacher B discuss and compare students’ ideas.” 
(Rater 3’s field notes)
Figure 3. Classroom observation of Lesson 2 Class A and B
The AssessToday results were triangulated with the classroom 
observations and in-depth interviews. Both research participants had 
progressed from novice to apprentice level in terms of their abilities 
in writing learning objectives. For example, Teacher A and Teacher 
B’s verbatim interview data during the reflection step of LS revealed 
that:
“Some students explain the meaning and characteristics 
of perpendicular lines by using folding trace in the 
paper. They write the new line for construction of the 
perpendicular line. This shows that they can understand 
the learning target.” (Teacher A)
 “Some students had difficulty in using the basic symbol 
to represent the perpendicular lines. I can know whether 
my students can do whatever that I set for learning 
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The AssessToday results were triangulated with the classroom observations and in-depth interviews. 
Both research participants had progressed from novice to apprentice level in terms of their abilities in 
writing learning objectives. For example, Teacher A and Teacher B’s verbatim interview data during 
the reflection tep of LS revealed that: 
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folding trace i  the paper. They write th  n w line for construction of the perpendicular line. 
This shows that they can understand the learning target.” (Teacher A) 
 
 “Some students had difficulty in using the basic symbol to represent the perpendicular lines. I 
can know whether my students can do whatever that I set for learning target or not.” (Teacher 
B)  
 
Although both research participants wrote the learning targets by comparing students’ ideas with the 
designed learning targets, they did not discuss the students’ ideas and students did not write the lesson 
conclusion. This suggested that both research participants’ abilities in developing formative 
assessment were at the appr ntice level. Obs rvation results in regards to the collaboration in 
preparing a lesson plan, as the first step of the LS procedure, revealed that the target group 
collaboratively determined the mathematics equation as (+7) – (+8) + (-5) – (-9) as well as decided 











Figure 4. Collaboration in writing learning targets  
 
The results from the AssessToday rubric indicate that both research participants improved gradually 
from apprentice level to practitioner level starting from research lesson 6 onwards, in all seven 
components of formative assessment. However, both research participants improved slower in writing 
learning targets, using quality questions and instructional adjustment, compared with other 
components. Nevertheless, they successfully gained sufficient ability in developing formative 
assessment and were able to play the role of practitioner in the observation of the student affect 
component.  
Learning objective: 
1. The students can calculate 3 numbers including 
addition and subtraction, by using transformation 
from negative sign to positive sign. 
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Although both research participants wrote the learning targets by 
comparing students’ ideas with the designed learning targets, they 
did not discuss the students’ ideas and students did not write the 
lesson conclusion. This suggested that both research participants’ 
abilities in developing formative assessment were at the apprentice 
level. Observation results in regards to the collaboration in preparing 
a lesson plan, as the first step of the LS procedure, revealed that the 
target group collaboratively determined the mathematics equation 
as (+7) – (+8) + (-5) – (-9) as well as decided the learning targets, as 
shown in Figure 4.
Figure 4. Collaboration in writing learning targets 
The results from the AssessToday rubric indicate that both 
research participants improved gradually from apprentice level to 
practitioner level starting from research lesson 6 onwards, in all 
seven components of formative assessment. However, both research 
participants improved slower in writing learning targets, using 
quality questions and instructional adjustment, compared with other 
components. Nevertheless, they successfully gained sufficient ability 
in developing formative assessment and were able to play the role of 
practitioner in the observation of the student affect component. 
The AssessToday results were triangulated with the classroom 
observations and in-depth interviews. Both teachers showed 
substantial improvement in research lesson 10 from apprentice level 
to practitioner level for all seven components of formative assessment. 
The outcomes of the classroom observation (see Figure 5) further 
supported the AssessToday results. For instance, the mathematics 
teachers were able to compare students’ idea acquisition with the 
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The results from the AssessToday rubric indicate that both research participants improved gradually 
from apprentice level to practitioner level starting from research lesson 6 onwards, in all seven 
components of formative assessment. However, both research participants improved slower in writing 
learning targets, using quality que tions an  instructional adjustment, compared with other 
components. Nevertheless, they successfully gained sufficient ability in developing formative 
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component.  
Learning objective: 
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Figure 5. Classroom observation in Lesson 10
In addition, Teacher A and Teacher B’s verbatim interview data 
during the reflection step of LS after Lesson 10 revealed that:
“The students performed the addition by grouping. They 
calculated the first group correctly, [(+7) – (+8)] by 
changing the minus sign to the plus sign; however, they 
made the errors in the second group by performing the 
calculation the same way [(-5) – (-9)], and as a result 
produced errors as what we expected. This implies that 
teacher leads the discussion all the ideas until learning 
target are achieved.” (Teacher A)
“Some students can calculate (+7) – (+8) by getting 
the answer as -1 and calculate (-5) – (-9) by getting 
the answer 4 and then bring together for getting +3. 
This shows that I make the interconnections all the 
ideas learned until the learning targets are reached.” 
(Teacher B) 
Based on the classroom observation results, both research participants 
utilized the four steps of OA while they implemented the 10 cycles 
of research lessons, namely posing open-ended problems, students’ 
self-learning, whole class discussion and comparison, and summing 
!&"
"
The AssessToday results were triangulated with the classroom observations and in-depth interviews. 
Both teachers showed substantial improvement in research lesson 10 from apprentice level to 
practitioner level for all seven components of formative assessment. The outcomes of the classroom 
observation (see Figure 5) further supported the AssessToday results. For instance, the mathematics 
teachers were able to compare students’ idea acquisition with the designated learning target.  
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In addition, Teacher A and Teacher B’s verbatim interview data during the reflection step of LS after 
Lesson 10 revealed that: 
“The students performed t  addition by grouping. They calculated the first group correctly, 
[(+7) – (+8)] by changing the minus sign to the plus sign; however, they made the errors in 
the second group by performing the calculation the same way [(-5) – (-9)], and as a result 
produced errors as what we expected. This implies that teacher leads the discussion all the 
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“Some students can calculate (+7) – (+8) by getting the answer as -1 and calculate (-5) – (-9) 
by getting the answer 4 and then bring together for getting +3. This shows that I make the 
interconnections all the ideas learned until the learning targets are reached.” (Teacher B)  
 
Based on the classroom observation results, both research participants utilized the four steps of OA 
while they implemented the 10 cycles of research lessons, namely posing open-ended problems, 
students’ self-learning, whole class discussion and comparison, and summing up by connecting 
students’ emergent mathematical ideas. However, they did not discuss or correlate all the ideas to 
work toward achieving the learning objectives from Lesson 6 to Lesson 9. As a result, both research 
participants stayed at apprentice level for 4 continuous lessons. They started to learn how to lead the 
discussion, summarize, and interconnect all the ideas to achieve the learning objective, abilities that 
were only detected in Lesson 10. For example, the students found solutions and summarized what 
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up by connecting students’ emergent mathematical ideas. However, 
they did not discuss or correlate all the ideas to work toward 
achieving the learning objectives from Lesson 6 to Lesson 9. As 
a result, both research participants stayed at apprentice level for 4 
continuous lessons. They started to learn how to lead the discussion, 
summarize, and interconnect all the ideas to achieve the learning 
objective, abilities that were only detected in Lesson 10. For example, 
the students found solutions and summarized what they had learned 
to meet the designated learning objective, as shown in the students’ 
written work in Figure 6.
Figure 6. Students’ written work in Lesson 10 
DISCUSSION AND CONCLUSION
The researchers explored the impact of LS and OA training on 
enhancing mathematics teachers’ formative assessment abilities 
using the AssessToday rubric. The results of this study contribute 
to our recognition of the importance of LS and OA practices while 
teaching mathematics in enhancing mathematics teachers’ formative 
assessment abilities, such as writing learning targets, using quality 
questions, nature of questioning, self-evaluation, observation of 
student affect, instructional adjustment and evidence of learning. The 
results also show that there were some slight and gradual changes in 
their formative assessment abilities at the later cycles of the research 
lessons. These imply that the participating teachers progressed from 
novice level to practitioner level in teaching algebraic reasoning after 
training in LS and OA. The findings can be rationalized in terms of 
the current evidence and should be applied to improve mathematics 
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DISCUSSION AND CONCLUSION 
 
The researchers explored the impact of LS and OA training on enhancing mathematics teachers’ 
formative assessment abilities using the AssessToday rubric. The results of this study contribute to 
our recognition of the importance of LS and OA practices while teaching mathematics in enhancing 
mathematics teachers’ formative assessment abilities, such as writing learning targets, using quality 
questions, nature of questioning, self-evaluation, observation of student affect, instructional 
adjustment and evidence of learning. The results also show that there were some slight and gradual 
changes in their formative assessment abilities at the later cycles of the research lessons. These imply 
t at the participating teachers progressed from novice level to practitioner level in teaching algebraic 
reasoning after training in LS and OA. The findings can be rationalized in terms of the current 
evidence and should be applied to improve mathematics teachers’ formative assessment abilities in 
the future.  
 
M reove , the results indicate that for ative assessment is a proven strategy for improving student 
achievement and that AssessToday is an effective tool in assisting mathematics teachers to reach their 
fullest potential. In addition, the results of this study are consistent with related empirical literature.  
Petchara and Thinwiangthong (2016) found that the utilization of LS and OA could enhance students’ 
motivation, as well as learning objectives, students’ self-assessment and teachers’ strategic questions. 
This was reflected in the improvements in the mathematics teachers’ formative assessment abilities. 
Srikuta and Thinwiangthong (2014) discovered that LS and OA could promote better formative 
assessment planning, while Chaona and Inprasitha (2013) emphasized that LS and OA could support 
teacher  in asse sing students’ learning. The study further reinforces Black and William’s (1998) 
argument that standards of formative assessment can be raised only by changes that are put into direct 
effect by teachers and students in the classroom. Thus, formative assessment is a vital component in 
students’ learning development and can be a body of firm evidence to raise standards of achievement 
(Black & William, 1998).  
 
The study findings suggest that mathematics teachers should be encouraged to use LS and OA as a 
method to enhance their formative assessment abilities. However, it requires a meticulous 
understanding of details of LS (Inprasitha, 2011) and OA (Nohda, 2000) concepts, as well as the 
related theories of formative assessment (Eddy & Harrell, 2013) and action-taking in the classroom 
context while implementing LS and OA. On top of that, it has been proven that formative assessment 
is able to improve the quality of education in the classroom. The AssessToday rubric was developed 
to inform mathematics teachers about their use of formative assessment and thus provides a 
framework for improvement. The development and subsequent validation of the AssessToday rubric 
will provide an excellent tool to assist teachers in developing formative assessment in the 
mathematics classroom. Further studies can then be conducted to explore the methods of utilizing LS 
and OA in resolving classroom management problems and encouraging effective teaching 
approaches.  
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Moreover, the results indicate that formative assessment is a proven 
strategy for improving student achievement and that AssessToday 
is an effective tool in assisting mathematics teachers to reach their 
fullest potential. In addition, the results of this study are consistent 
with related empirical literature.  Petchara and Thinwiangthong 
(2016) found that the utilization of LS and OA could enhance 
students’ motivation, as well as learning objectives, students’ self-
assessment and teachers’ strategic questions. This was reflected in 
the improvements in the mathematics teachers’ formative assessment 
abilities. Srikuta and Thinwiangthong (2014) discovered that LS 
and OA could promote better formative assessment planning, while 
Chaona and Inprasitha (2013) emphasized that LS and OA could 
support teachers in assessing students’ learning. The study further 
reinforces Black and William’s (1998) argument that standards of 
formative assessment can be raised only by changes that are put 
into direct effect by teachers and students in the classroom. Thus, 
formative assessment is a vital component in students’ learning 
development and can be a body of firm evidence to raise standards 
of achievement (Black & William, 1998). 
The study findings suggest that mathematics teachers should be 
encouraged to use LS and OA as a method to enhance their formative 
assessment abilities. However, it requires a meticulous understanding 
of details of LS (Inprasitha, 2011) and OA (Nohda, 2000) concepts, 
as well as the related theories of formative assessment (Eddy & 
Harrell, 2013) and action-taking in the classroom context while 
implementing LS and OA. On top of that, it has been proven that 
formative assessment is able to improve the quality of education 
in the classroom. The AssessToday rubric was developed to inform 
mathematics teachers about their use of formative assessment and 
thus provides a framework for improvement. The development and 
subsequent validation of the AssessToday rubric will provide an 
excellent tool to assist teachers in developing formative assessment 
in the mathematics classroom. Further studies can then be conducted 
to explore the methods of utilizing LS and OA in resolving classroom 
management problems and encouraging effective teaching 
approaches. 
The Thailand Ministry of Education has improved the quality of 
basic education over the past two and a half decades (Lathapipat & 
Sondergaard, 2015). Although there may be several strategies that 
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are able to realize this goal, formative assessment is a proven method 
that can increase achievement, motivation and quality of education 
when used appropriately (Heitz, 2013). Additionally, the results of 
this study have confirmed that the AssessToday rubric is able to 
inform mathematics teachers about their formative assessment use, 
and thus provides a framework for improvement (Eddy, Harrell, & 
Heitz, 2017). Since the creators of the AssessToday rubric did not 
design it as an evaluation tool to be used as judgments on teachers, it 
is identified as an informative tool to assist mathematics teachers in 
their personal development (Eddy & Harrell, 2013).   Based on this 
line of reasoning, the researchers hope that the AssessToday rubric 
will be utilized for this purpose by all teachers and professional 
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